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INTRODUCTION
The assemblages that constitute microbial communities in welldefined habitats are, to a certain extent, predictable based on both the functional capability of an ecosystem (Hooper et al. 2005) and the relative contribution of its various external influences and inputs. In aquatic ecosystems, the microbial species assemblages that typically dominate marine, freshwater and hypersaline environments have historically been shown to be distinct from one another (Rappé, Vergin and Giovannoni 2000; Lindström, Agterveld and Zwart 2005; Morris et al. 2005; Barberán and Casamayor 2010; Heinrich, Eiler and Bertilsson 2013; Liu et al. 2015) . However, there is an emerging body of work suggesting that various dispersal mechanisms influence local microbial community structure, enabling the formation of interconnected networks. Dispersal via hydrology, such as glacial melting and downstream transport, is a major influence on aquatic microbial assemblages (Hauptmann et al. 2016; Niño-García, Ruiz-González and del Giorgio 2016a) . Hydrology can facilitate the dispersal of rare organisms along hydrological continuums, with rare taxa from upstream and terrestrial sources becoming abundant in downstream communities (Crump, Amaral-Zettler and Kling 2012; Ruiz-González, Niño-García and del Giorgio 2015) . In some aquatic systems, such as river estuaries, organisms that are attached to particles are retained within estuaries while free-living cells are flushed through, and this differential dispersal can result in assemblages that are dominated by particle-associated taxa (Crump, Baross and Simenstad 1998) . Finally, the source of dispersing taxa also influences the degree of connectivity between communities, such as soil-derived bacteria found in high altitude lakes that have been dispersed via wind from several thousands of kilometres away (Hervàs et al. 2009 .
The study of patterns of dispersal in macroecology (Arrhenius 1921; Nekola and White 1999) has resulted in various ecological theories such as the taxa-area relationship (the larger the habitat size, the higher the number of taxa) and the distance decay relationship (the closer together two sites are, the more similar their communities will be), and their relevance to microbial communities is the focus of recent investigations (Prosser et al. 2007; Kavazos 2016) . Microbial community structure can adhere to patterns that would be expected from these broadly held ecological theories (Green and Bohannan 2006; Martiny et al. 2006 Martiny et al. , 2011 Brown et al. 2014 ; Niño-García, Ruiz-González and del Giorgio 2016b) although understanding of the processes that unpin such patterns is still poor (Nemergut et al. 2013) . Most studies that examine the role of dispersal on microbial assembly have targeted specific environments (e.g. soils, lakes) and there is a need for approaches that place the study of local communities into a broader context, taking into account the movement of microbes between local assemblages.
Besides dispersal, the assemblage of microbial communities can also be influenced by local factors including environmental conditions, competition and predation. Among environmental variables, salinity, nutrients and pH have been identified as some of the key determinants of aquatic community structure (e.g. Pagaling et al. 2009; Bolhuis and Stal 2011; Logue et al. 2012; Xiong et al. 2012; Wang et al. 2015) . Growth and death of prokaryotes are tightly regulated by predation from ciliate and flagellate protists (Sherr and Sherr 2002; Pernthaler 2005) , nematodes (Majdi and Traunspurger 2015) and viruses (Wommack and Colwell 2000; Rodriguez-Brito et al. 2010; Chow et al. 2014) , and predation has been argued to substantially contribute to stability within aquatic microbial assemblages (Rodriguez-Brito et al. 2010) . Local levels of competition with eukaryotic autotrophs for nutrients and with phagotrophic heterotrophs for organic carbon also contribute towards shaping the abundance and diversity of prokaryotic assemblages in aquatic systems (Cotner and Biddanda 2002) . This spectrum of influences, operating at different scales, demand that microbial communities be investigated across a range of different habitat types. Consideration of both local influences and the role of water or air movement through these habitats is also required to reveal the relative importance of these various processes across broader landscapes. Lake MacLeod, in northwestern Australia, is a somewhat enigmatic salt lake system, with seepage of seawater presumably from the adjacent coastline drawn relatively long distances through karst via two underground vent subsystems named Chirrida and Cygnet. Water movement occurs by the combined processes of differential in land height and evaporative loss as the water spills eastwards and inland (Logan 1987; Kavazos et al. 2017) . Throughout the lakebed, there are a number of permanent brine ponds that represent a long term positive water balance where seawater inflow is balanced by outflow and where geological features support the upwelling of water (Logan 1987) . Lake MacLeod supports an inland mangrove ecosystem, is an important site for migratory birds with high conservation value and receives mixed freshwater inputs from the Gascoyne, Lyndon and Minilya Rivers and via episodic flooding associated with tropical cyclones (Phillips et al. 2005) . Therefore, the permanent ponds in Lake MacLeod are subject to a unique suite of environmental gradients and a mix of marine, freshwater and terrestrial inputs which presumably drive the evolution and ecology of aquatic microbial communities found there. Given their unique position in the landscape, examining the processes that shape microbial diversity in the ponds can provide novel insights into the factors that influence microbial community assembly and dispersal across habitats.
We hypothesise that local assemblages within ponds will reflect their position in the landscape, harbouring predominantly marine assemblages due to the primary influence of dispersal from the coast, based on the sedimentology findings of Kavazos et al. (2017) . The question of how dispersal of organisms through a meta-community can influence local communities has been addressed in terrestrial lake systems (Crump, AmaralZettler and Kling 2012 ; Ruiz-González, Niño-García and del Giorgio 2015; Niño-García, Ruiz-González and del Giorgio 2016a), but this is the first time that it has been examined for coastal ponds where seawater moves inland. We predict that ponds will harbour high relative abundances of either (1) novel microbial taxa due to their unusual conditions or (2) bacteria that are rare in seawater but have the potential to grow when transported the ponds, or both. Additionally, we expect that local factors including the vent subsystem they belong to, the environmental conditions within each pond (which are likely to vary with season), their connectivity to and distance from their seawater source, their reception of vectors such as wind and seabirds, and their size will each influence local assembly of communities. We analysed between six and ten samples from each of seven ponds, during both summer and winter, via terminal restriction fragment length polymorphism (TRFLP) of the 16S rRNA gene to determine the alpha and beta diversity within the ponds and their similarity to nearby coastal samples. We also used Illumina MiSeq tag sequencing of the V1-V3 region of the 16S rRNA gene of between four and six representative samples per pond to determine the identity of the microbial communities within the ponds and their putative origin. We then coupled these analyses with measurements of a suite of environmental variables, aiming to understand the key factors that determine the bacterioplankton community composition within Lake MacLeod.
MATERIALS AND METHODS

Sample collection
During July and December 2013, 1 L surface water samples were collected along transects moving away from vents, within each of seven ponds in the northern part of the Lake MacLeod Basin including four from the Chirrida Ponds vent subsystem, on the northern seepage face, and three from the Cygnet Pond vent subsystem, on the southern seepage face (Fig. 1 ). Sites were chosen to encompass possible environmental gradients moving away from the vents. A 200 mL sample was collected for nutrient analysis. Samples were placed on ice and filtered via peristalsis onto 47 mm 0.2 μm pore-sized membranes, stored in 2 mL tubes containing 250 μL Suzuki lysis buffer (Suzuki et al. 2001) and frozen in liquid nitrogen. A 200 mL sample of the filtrate was retained for nutrient analysis and along with the unfiltered samples was held at 4
• C. For comparison to seawater, in July 2013 triplicate samples were also collected from the nearby coast ( Fig. 1) .
Environmental measurements
Salinity, temperature and pH measurements were recorded using a field calibrated Orion multimeter probe (Orion, Thermo Scientific) and depth was determined using a graduated wooden pole. The filtrate was analysed for phosphate using ion chromatography (Metrohm 761 Compact, Switzerland). Ammonia (NH 3 -N), and NO x N (nitrate and nitrite) on filtered water samples and total nitrogen (TN) and total phosphorous on unfiltered samples were analysed on a flow injection analyser (Lachat, USA). DOC was measured as non-purgeable organic carbon on filtered samples using a TOC analyser (Schimadzu TOC-V CSH, Japan). Total alkalinity was determined via automatic titration (Metrohm, Switzerland) against 0.01 M HCl or 0.025 M H 2 S0 4 . pCO 2 was calculated using the program CO2SYS (Pierrot, Lewis and Wallace 2006) using input data on total alkalinity and pH.
DNA extraction
Genomic DNA was extracted using the ammonium acetate bead beating method (Petersen, Dahllof and Nielsen 2004) and checked for purity and quantity using a Nanodrop Spectrophotometer.
T-RFLP analysis of SSU rRNA genes
For TRFLP analysis (Liu et al. 1997) , the general bacterial primers 27F-B-FAM (5 -FAM-AGRGTTYGATYMTGGCTCAG-3 ) and 519R (5 -GWATTACCGCGGCKGCTG-3 ) (Weisburg et al. 1991 The resulting data were processed using the MOTHUR MiSeq standard operating procedure (Kozich et al. 2013) . Sequences <463 bp, >520 bp and containing ambiguous bases or homopolymer runs above 8 bp were removed. Sequences were aligned to the SILVA 16S rRNA alignment (Yilmaz et al. 2014) , unique sequences were identified, the dataset was rarefied to the lowest number of sequences per sample and operational taxonomic units (OTUs) (>97% similarity) were defined. All analyses were done using the rarefied dataset (1697 sequences per sample). Chimeras were removed using UCHIME (Edgar et al. 2011) and any sequences that were classified as mitochondria, chloroplast or eukaryotic as well as any sequences of unknown origin were filtered out. Final OTUs were taxonomically classified using BLASTn against a curated database derived from SILVA, greengenes, RDP II and NCBI (www.ncbi.nlm.nih.gov; DeSantis et al. 2006; Wang et al. 2007) . OTU identities and habitat of nearest matched sequences were explored further by BLASTn searches against all available sequences in NCBI (www.ncbi.nlm.nih.gov) and by manually examining the habitat of sequences in arb (Ludwig et al. 2004) that were most closely related to each OTU. For this comparison, the arb SilvaNR 123 database release was used (Quast et al. 2013) . The MiSeq dataset was deposited in the NCBI Sequence Read Archive database with the accession number PRJNA342525.
Statistical analyses
Statistical analyses were done in PRIMER 6 (PRIMER Ltd, Plymouth, UK; Clarke 1993), MOTHUR (Schloss et al. 2009 ), SigmaPlot (SYSTAT Software Inc.) and R (v3.3.0; R Development Core Team 2016). Sorenson (Bray-Curtis) distance was used on square root-transformed percentage abundance TRFLP and MiSeq sequencing data and non-metric multidimensional scaling (TRFLP data) and principal coordinates analysis (PCoA, MiSeq sequencing data) were used to visualise patterns in microbial community structure with statistical comparisons done with analysis of similarity (ANOSIM). Similarity percentages (SIMPER) analysis (PRIMER Ltd, Plymouth, UK; Clarke 1993) was used to identify OTUs that were driving patterns of separation between groups. To explore dispersal of rare taxa into the ponds from the ocean, 'seed taxa' were identified as OTUs that occurred in seawater with mean abundances below 0.2% and increased in relative abundance by at least a factor of 10 in one or more of the ponds. That is, those OTUs that were rare in seawater and had the highest mean increase in relative abundance in at least one pond. The TRFLP community data set was used for all variation partitioning analyses. Bray-Curtis transformations were applied to the TRFLP community matrix, and forward selection of environmental variables was done before db-RDA was conducted using the vegan package (Oksanen et al. 2013 ). MEM models were constructed for the db-RDA to represent the (i) location within the seepage subsystem (ii) and location within each pond, following the method of Declerck et al. (2011) . Community composition change with distance was explored by plotting the distance (m) between each sample against the dissimilarity of the community composition of those two samples. For this analysis, the TRFLP data for each sample was compared to all other samples collected during the same sampling trip (either July or December). Environmental data were log transformed where appropriate, normalised and analysed using principal components analysis (PCA) based on Euclidean distances, and ANOSIM was used to determine significant differences in environmental conditions. BEST analysis was used to identify the environmental variables 'best explaining' community patterns in both the TRFLP dataset and the 16S sequence dataset (separately) by maximising a rank correlation between their respective resemblance matrices (PRIMER Ltd, Plymouth, UK; Clarke 1993).
Linear regression analysis was done on the richness (number of OTUs and number of TRFs, considered separately) of pond samples against pond surface area (surface area calculation described by Kavazos et al. 2017 ) (taxa-area relationship). To determine if the surface area of the pond influenced the similarity of each pond to seawater (that is, was more likely to receive seawater inputs via aerosols or immigration by other means), Bray-Curtis similarity of samples within each pond compared to seawater samples was plotted against pond surface area.
RESULTS
Environmental data
Ponds had identifiable and characteristic environmental conditions in comparison to each other and to coastal seawater samples (ANOSIM, Global R = 0.476, P < 0.01, Fig. 2A ) except for Harjie's and Whistler's Ponds, which did not differ from one another (ANOSIM, Pairwise R = 0.044, P > 0.05), and likewise Jana's Vent and the coastal samples (ANOSIM, Pairwise R = 0.058, P > 0.05). There was also a significant difference in environmental conditions in all ponds, between the Chirrida and Cygnet vent systems (Fig. 2B ) (ANOSIM, Global R = 0.271, P < 0.01) and between the two seasonal sampling dates, July and December (ANOSIM, Global R = 0.226, P < 0.01, Fig. 2C ). A summary of the environmental parameters measured within the ponds is contained in Table 1 and in Fig. S1 (Supporting Information).
Community phylogenetic composition
Of the 42 samples submitted for sequencing, 39 successfully amplified. A total of 873 422 high-quality sequences were recovered from these 39 samples, ranging from 85 295 to 1697 per sample. To maximise the number of samples examined, all samples were rarefied to 1697 sequences. A total of 1373 OTUs were detected, with the highest in Jana's Vent (410) and the lowest in Harjie's Pond (116) ( Table 2) . No OTUs were detected across all 39 samples, but OTU1 (an unclassified Gammaproteobacteria) and OTU19 (from the Alphaproteobacteria genus Phaeobacter) were detected in 38 samples and 20 OTUs were detected in more than half of all samples. Most OTUs (958 out of 1373) were detected in only a single sample (Supplementary data 1) . SIMPER analysis indicated that differences between seasons (July and December) were driven by OTUs 1-5, 7-9 and 17, from the phyla Proteobacteria, Actinobacteria and Bacteroidetes (Table S1 , Supporting Information). Differences in pond communities were also driven by these three phyla and are dominated by approximately 23 OTUs that account for over 50% of dissimilarities in all pairwise comparisons between ponds (Table S2 , Supporting Information). The differences between the Chirrida and Cygnet subsystems were also due to different abundances of OTUs 1-5, 7, 8 and 17 (Table S3, Supporting Information).
Over 20 phyla/classes including more than 45 bacterial orders were detected across the dataset (Fig. S2 , Supporting Information). Seawater samples were dominated by Alphaproteobacteria (38.1%, including sequences classified as SAR116 (16.3%) and SAR11 (11.1%)), Bacteroidetes (28.9%) and Gammaproteobacteria (15.6%, including 10.4% SAR86). Some ponds including Donut, Harjie's and Jana's were also dominated by these groups although both Harjie's and Jana's Vent had higher amounts of Gammaproteobacteria (27.8% and 41.2%, respectively). Annie's Pond was dominated by Alphaproteobacteria (76.0%) and had higher amounts of Deltaproteobacteria (2.9%) than all other ponds (between 0% and 1.2%). Cygnet and Pete's Ponds both had high abundances of Actinobacteria (27.7% and 31.4% respectively). Several taxa were detected only in the ponds, and not in the seawater samples, such as sequences from Candidate Division TM6, Caldithrix, Chloroflexi, Acidobacteria, Lentisphaerae, Planctomycetes, Spirochaetes and Tenericutes (Supplementary data 1 and Fig. S2 ).
Over 84% of OTUs from seawater samples were most closely related to sequences from the marine environment including seawater (47.5%), sediment (15.1%), a variety of hosts (17.7%) and the deep ocean (3.6%) (Fig. 3) . Here, we placed OTUs in the 'deep sea' category if the most closely related sequence was identified as being collected from a deep sea vent or hydrothermal vent system in the ocean. Jana's Vent had comparable numbers of OTUs from marine sources (81.6%) to the seawater samples. All other ponds had lower abundances of OTUs (between 55.7% and 75.0%) matched to marine sources. All ponds, except for Annie's Pond, had two to three times more OTUs (between 8.7% and 7.4%) than in seawater samples that were most closely related to those from the deep ocean. Ponds also had more OTUs most closely related to those from high saline environments (between 28.9% in Annie's Pond and 9.5%, in Jana's Vent) and freshwater (between 5.9% in Harjie's Pond and 2.1% in Donut Pond). Ponds also had low numbers of OTUs most closely matched to OTUs from terrestrial soil, wetlands, salt marshes, estuaries and mangroves (Fig. 3A) . In terms of the abundance of sequences, aquatic marine bacteria dominated the Lake Macleod system (Fig. 3B) . Between 57.6% (Annie's Pond) and 89.1% (Donut Pond) of all sequences in ponds were most closely related to sequences Jul) . Surface area (SA) and residence time (RT) of ponds taken from Kavazos et al. (2017) . Numbers in brackets represent 1 standard deviation from the mean.
from seawater. In general, the richness (number of OTUs) of marine host-associated, sediment-derived or deep-sea environments was not reflected in high abundances of sequences from these habitats. In contrast, while OTUs closely related to hypersaline bacterioplankton sequences represented only around 2%-3% of OTUs in most ponds (Fig. 3A) , their total abundances were substantially higher in most ponds, representing up to 30% of all sequences in Cygnet Pond (Fig. 3B) . We did not detect gradients of more marine taxa near vents and less further away from vents, or gradients in specific OTUs being more abundant near or away from vents. Rare OTUs (comprising <0.2% of sequences in seawater) that were considered 'seed' OTUs (had the highest change in relative abundance, increasing within the ponds and rare in seawater) were present in abundances of over 35% in all ponds, with the exception of Annie's Pond (Fig. 4A) . These represented changes in abundance of over 100-fold in most ponds, in comparison to seawater (Fig. 4B) .
Previously unknown biological diversity was detected across the ponds (Fig. S3 , Supporting Information). Annie's Pond had an average of 32.8% of OTUs with low-sequence similarity (<94%) to publicly available sequences from NCBI, and OTU52 (3.2% of all OTUs in Annie's Pond) was <89% similar to sequences in NCBI, and therefore may represent a novel family within the Bacteroidetes. Pete's, Harjie's, Whistler and Donut Ponds each contained, on average, between 2.2% and 5.9% of OTUs with < 96% sequence similarity to known sequences, all likely to represent novel species (Stackebrandt and Goebel 1994) . In contrast, samples from Cygnet Pond, Jana's Vent and seawater were each dominated by OTUs that matched publicly available sequences with >98% sequence similarity.
Community variation
TRFLP OTUs were used to examine the differences in community structure between ponds, sampling events and vent subsystems. The total number of TR-Fs in the dataset (111 samples, 99 from the ponds and 2 from seawater during the July sampling) was 434. The number of TR-Fs per sample ranged from 22 to 113, and the mean number of TR-Fs per sample was 56.6 (Table 3) . Microbial community composition differed between ponds (one-way ANOSIM, p < 0.01, R = 0.631), between the two sampling dates (one-way ANOSIM, p < 0.01, R = 0.151) and between the Chirrida and Cygnet vent subsystems (oneway ANOSIM, p < 0.01, R = 0.398) (Fig. 5) . Pairwise tests indicated that microbial community composition in Donut and Harjie's Ponds were not significantly different to one another and that Donut Pond did not contain significantly different microbial communities across the two time points (one-way ANOSIM, Pairwise R = 0.778, p > 0.05). All other ponds had samples which differed to other ponds and the same pond at a different sampling time.
While fewer samples were examined using 16S MiSeq sequencing, similar patterns were observed for community composition (Fig. S4, Supporting Information) . PCoA of sequence-based microbial community data indicated that, with the exception of Donut and Harjie's Ponds, each pond had a distinct microbial community (one-way ANOSIM, p < 0.01). Pearson correlation vectors associated with PCoA indicated that six OTUs were primarily associated with the differences between microbial communities in the ponds. A single OTU classified in the alphaproteobacterial genus Hyphomonas was associated with samples from Annie's Pond, a single OTU classified in the Actinobacteria candidate genus Rhodoluna was associated with summer samples from Pete's Pond and three OTUs classified as a Rhodobacter, Gammaproteobacteria, Flavobacteriaceae and one unclassified OTU were associated with a cluster of samples from Donut and Harjie's Ponds (Fig. S4, Supporting Information) .
Using BEST analysis, for the TRFLP data, the environmental dataset could explain up to 37.8% of the variation within the microbial data, and this was explained by non-particulate organic carbon, total alkalinity and pCO 2 . For the 16S sequencing dataset, the environmental data was able to explain up to 40.6% of the variation, and this was attributed to a combination of TN and total alkalinity.
Using db-RDA, the TR-F communities were found to be most different between ponds (up 52% of community variation could be explained using pond as a factor), although up to 19% of variation was also explained by the subsystem in which the samples originated (Table 4) . Location within the subsystem (MEM sys |E) was an important factor determining community composition and likely represents the dissimilarity of pond assemblages. In the July samples, environmental variation within the subsystem explained 8% of community variation (E|MEM sys ). Within the ponds, no effect of location was detected (MEM pond |E), while up to 9% of community variation could be explained by environmental gradients (E|MEM pond ). These results suggest that even though the ponds have distinctive communities, the structure of the communities within the ponds is not influenced by the location and only slightly by the measured environmental variables.
Dissimilarity with distance and taxa-area relationships
There was a significant positive linear relationship between microbial community dissimilarity and increasing distance for both July (F 1,1126 = 106.6, P < 0.0001) and December (F 1,1324 = 627.5 P < 0.0001) (Fig. 6 ). There was no significant (P > 0.05) relationship between microbial species richness (number of OTUs) and pond surface area (Fig. S5A, Supporting Information) . In contrast, a weak but significant (P < 0.01) negative relationship with microbial richness as detected by TRFLP was detected with surface area (Fig. S5B) , which was driven by samples from Cygnet Pond. When samples from Cygnet Pond (the largest pond) were removed, no trends were detected. Based on TRFLP data, a significant (P < 0.01) positive relationship was detected between pond microbial community similarity to coastal samples and pond surface area (Fig. S5C) .
DISCUSSION
In all of the ponds within Lake MacLeod, the microbial community is dominated in terms of both the number of OTUs and the abundance of sequences by bacteria that are most closely related to marine taxa, strongly suggesting that Lake MacLeod receives most of its inputs from the marine environment. These results corroborate recent sedimentological and water chemistry data from the lakebed, which indicates a clear marine influence on the system (Kavazos et al. 2017) . Despite this, pond communities are distinct from those found in seawater. One mechanism that appears to contribute to these patterns is that rare taxa, dispersed via seawater into the coastal ponds, become abundant within the ponds, signifying that dispersal is a primary influence on the assemblages, followed by local environmental factors (species sorting) within each pond. This same process has been described in boreal aquatic systems, where rare taxa from soils seem to be able to thrive, and are numerically dominant, in aquatic environments (Ruiz-González, Niño-García and del Giorgio 2015). Assigning taxa to habitat categories based on closely related sequences gives an estimate of the source habitat (Savio et al. 2015; Langenheder et al. 2017) . With the exception of Annie's Pond, all of the ponds had a greater proportion of OTUs whose closest relatives were from deep sea marine environments than samples from the nearby coast, possibly due to local conditions in the ponds selecting for these species. In addition to the deep sea lineages, the ponds also had higher proportions of OTUs most closely related to terrestrial, hypersaline and freshwater OTUs than nearby coastal seawater samples. Taxa associated with terrestrial, hypersaline and Figure 6 . Relationship between TRFLP microbial community dissimilarity (Bray-Curtis) and distance (m) between samples during (A) July and (B) December. freshwater habitats were expected given the overall lacustrine and land-based setting of the Lake MacLeod system. Due to the fluvial nature of aquatic ecosystems, regional dispersal from source communities, such as headwaters (Besemer et al. 2013 ) and soil pore communities (Ruiz-González, Niño-García and del Giorgio 2015), is a critical factor that influences diversity and inoculation of local communities. Here, we demonstrate that source marine assemblages harbour a number of rare taxa that become abundant in the Lake Macleod pond system, and argue that these marine communities are an important inoculation source for the connected inland aquatic communities. For example, one member of the pond community, OTU2, comprised approximately 3% of coastal seawater sequences, and was a dominant member of the lake community with many of the ponds hosting abundances of up to 35%. This microbe belongs to a coastal Rhodobacteraceae clade that has previously been identified as highly abundant in coastal seawater (Yeo et al. 2013) , increasing in abundance during storm events (Yeo et al. 2013 ) and inputs of freshwater and nutrients. The permanent ponds in the Lake MacLeod system generally have salinities at or slightly above seawater levels, suggesting that local environmental sorting related to nutrient enrichment may drive the increase in abundance in this clade. Many other OTUs were present in very low abundances (<1% of all sequences) in surface marine samples, and were well established with substantial increases in abundance within the ponds of Lake Macleod. The maintenance of rare or dormant taxa is considered a key strategy in sustaining both biodiversity and the ability of assemblages to respond to environmental changes (Lennon and Jones 2011; Aanderud et al. 2015) and recently such 'seed' taxa have been demonstrated to exist in deep sea environments and to contribute substantially to metacommunity structure throughout aquatic ecosystems (Ruiz-González, Niño-García and del Giorgio 2015). Our results support the hypothesis that dispersal of rare taxa from source assemblages contributes significantly to the structure of recipient microbial communities throughout metacommunities, with hydrological connectivity sustaining this relationship.
Wind and extent of hydrological connectivity may also contribute to connectivity within coastal lakes and between these and marine systems via the taxa-area relationship. Theoretically, the larger the surface area of the lake or pond (Zinger, Boetius and Ramette 2014) , and the closer the pond to either the coast (Comte et al. 2014) or nearby lakes, the more likely that it will be to receive more diverse microbial taxa and the greater chance that these will be from nearby environments (Hervàs et al. 2009; Comte et al. 2014) . We found that marine bacterioplankton were by far the most abundant group of organisms within the bacterial samples of the ponds. Marine bacterial lineages such as SAR11, SAR86, OM43 and OM60 were all detected in the ponds and in some cases the bacterial populations contain up to 10% of these typical marine bacterioplankton taxa, indicating that they are able to form stable populations despite substantial differences in environmental conditions to typically marine conditions. The presence of these marine lineages strongly suggests that there is high dispersal from the marine environment into the ponds. Previously, aerosols have been demonstrated to play a role in inoculating aquatic microbial communities (Comte et al. 2014 ) and here we show that the larger the surface area of the pond, the more similar the pond microbial communities were to samples collected from the sea. However, there was no relationship between pond surface area and OTU richness; and rapid fingerprinting methods, which represent only the more abundant organisms in a sample, actually detected a weak negative relationship between pond surface area and species richness. The negative slope for the TRFLP data was very slight and driven by samples from Cygnet Pond. Conformation to the taxa-area relationship within aquatic microbial communities has been hypothesised to be linked to an increased availability of niche habitats in larger lakes (Reche et al. 2005) ; however, we have previously demonstrated that the shallow ponds of Lake Macleod are well mixed (Kavazos et al. 2017) and this may explain why we did not detect more OTU richness in larger ponds. Alternatively, the sequencing depth and use of fingerprinting techniques may have under estimated the total bacterial richness within the ponds. While we did not detect a taxa-area relationship, bacterial communities in larger ponds were more similar to those from the coast suggesting that dispersal into the ponds from marine sources are influenced by pond size, and that hydrodynamics and aerosol movement within the system is likely to foster connectivity between the bacterial assemblages in the ponds and the ocean.
Distance-decay relationships are generally understood to result from dispersal restriction or gradual changes in environmental gradients across space (Nekola and White 1999) . Our results show that dissimilarity between samples within the ponds significantly increased with distance, although the relationship was rather weak, particularly during July. This association may be attributed to weak environmental gradients not detected in this study, or the distances involved may be too fine to limit dispersal of bacteria, especially given the importance of Lake MacLeod as a habitat for resident and migratory birds part of the East Asia Australasia Flyway (Phillips et al. 2005; Bertzeletos, Davis and Horwitz 2012) . It is possible that movement of bacteria by these waterbirds, as well as via wind (e.g. Comte et al. 2014) , could contribute towards dispersal from marine systems into Lake MacLeod and within the lake system itself, leading to weak changes with distance. Changes in seasonal hydrological patterns can also enhance diversity and isolation during drier periods, and contribute to higher connectivity and dispersal during times of high rainfall, and vice versa (Thomaz, Bini and Bozelli 2007; Rojo et al. 2012 Rojo et al. , 2016 . During July in Lake Macleod, evapotranspiration is reduced and spillsheets are more extensive, which may contribute to the weaker changes with distance in comparison to December, when high evapotranspiration during the summer results in more isolation between ponds. Therefore, studies that examine a single time point may misrepresent the level of connectedness within a metacommunity, and it is important to consider seasonal variation in hydrological parameters when assessing aquatic metacommunities.
Within the Lake Macleod system, dispersal effects within ponds were not detected and instead each pond tended to harbour relatively unique communities and taxa, compared to the other ponds, despite sharing similarities such as size and environmental conditions, suggesting a substantial role for local species sorting. High levels of beta diversity and spatial variation have been observed in fragmented microbial communities such as hot springs (Delgado-Serrano et al. 2014) , high altitude lakes (Barberán and Casamayor 2014) and salt lakes (Baatar et al. 2016) . In our study, we detected a weak relationship between the dissimilarity between microbial community structure and distance, and we found that environmental variation accounted for some of the variation within microbial communities despite the distinct environmental conditions of each pond. It is likely that other variables that were not measured here, such as water residence time, connectivity within the underground karst system, light levels within the ponds, competition or predation within each pond play an important role in microbial community structure and contribute to the distinct environmental parameters within each pond.
Bacterial assemblages within the Chirrida and Cygnet vent subsystems were also distinct from one another, although to a lesser degree than the strong beta diversity differences in community structure seen between the individual ponds. The two subsystems are separated by an extension of the impermeable coastal barrier that extends eastward into the basin. Given the importance of hydrology in shaping aquatic microbial assemblages (Alongi et al. 2015; Luna 2015; Hauptmann et al. 2016 ; Niño-García, Ruiz-González and del Giorgio 2016a), it is likely that the hydrological separation of the two vent subsystems contributes towards the distinctiveness of their assemblages. Levels of total alkalinity in the vent subsystems were linked with the differences in microbial community structure. While pH has often been identified as a driver of microbial community diversity (Fierer and Jackson 2006; Xiong et al. 2012; Barberán and Casamayor 2014 ; Niño-García, Ruiz-González and del Giorgio 2016a), the role of total alkalinity in aquatic ecosystems has received less attention. OTU5, OTU7 and OTU8, all identified as members of the Rhodobacteraceae, were the three OTUs associated with the Chirrida vent subsystem that were responsible for the dissimilarity with samples from the Cygnet vent subsystem. Therefore, the high abundances of these OTUs in ponds from the Chirrida vent subsystem may be due to local species sorting via environmental forcing related to levels of total alkalinity. Alkaliphilic bacteria from the Rhodobacteraceae have previously been identified, lending weight to this argument (see Bryantseva, Gaisin and Gorlenko 2015 and references therein). Organic carbon has also been shown to play a major role in shaping bacterioplankton communities (Cottrell and Kirchman 2000; Delong et al. 2006; McCarren et al. 2010) . We identified a strong link to microbial community structure and levels of dissolved organic carbon, with elevated levels in the Chirrida vent subsystem, which again suggests that biogeochemical differences among the vent subsystems play a role in structuring the aquatic microbial communities of Lake MacLeod. Salinity is one environmental feature that has often been identified as a key determinant in shaping aquatic microbial diversity (Lozupone and Knight 2007; Fortunato and Crump 2011) . However, despite the substantial range in salinity across Lake MacLeod, it was not associated with microbial community structure.
Our results also uncovered high amounts of novel diversity within the pond system. For example, Annie's Pond contained over 30% of sequences that were <95% similar to those in NCBI, whereas >95% of OTUs from seawater samples matched sequences from NCBI with >96% sequence similarity. These results indicate that analogies to the permanent ponds of the Lake MacLeod system are relatively unknown (unrepresented in existing databases) and add to the importance of this region as a site for relatively unique, and possibly endemic, taxa. Novel microbial taxonomic diversity has been argued to be the basis for considering certain areas, such as unique lake systems, to be of high conservation value (Andrei et al. 2015) or biodiversity hotspots (Ji et al. 2015) .
Despite the dominance of previously unrecorded taxa in some ponds, the Alphaproteobacteria SAR11 clade, one of the most abundant microbial groups in ocean and lake environments (Rappé, Vergin and Giovannoni 2000) , was present in ponds of the Lake Macleod system. The clade contains several subclades, generally composed of organisms from specific environments (e.g. freshwater, surface seawater, deep sea) and therefore form ecotypes within the lineage (Vergin et al. 2013; Brown et al. 2014) . Cygnet Pond contained high abundances (8.6 ± 2.9%) of OTU11, the only OTU from the ponds identified as a member of the SAR11 subclade 1A. This OTU was detected in small amounts (<0.01%) in three other ponds and was most closely related to a clone sequence from surface seawater in the Adriatic Sea (Malfatti et al. 2014) and to SAR11 sequences from a stratified seawater/saline lake adjacent to the Adriatic Sea and sharing comparable salinity (Pjevac et al. 2015) . Our results suggest that there is a persistent and viable population of SAR11 subclade 1A cells within Cygnet Pond, whereas in all other ponds populations of cells from this lineage are rare or not established. SAR11 subclade 1A is generally considered to be a surface-associated marine clade (Brown et al. 2014) and Cygnet Pond is elevated in pH, ammonia and salinity in comparison to all other ponds and seawater. High abundances of SAR11 subclade 1A sequences have beenpreviously documented in high saline (∼41ppt) marine environments such as the Red Sea (Ngugi et al. 2012) as well as in Lake Qinghai, a polysaline lake (approximately 15ppt) in China (Zhang et al. 2013) . Salinities in Cygnet Pond reached ∼51ppt and were the highest measured in this study, suggesting that some members of this key marine lineage may be able to tolerate, and even flourish, under substantial changes in environmental conditions to those found typically in coastal marine ecosystems.
Overall, the ponds reflect their unique position in the landscape being primarily influenced by dispersal from marine systems with a microbial signature that suggests inputs from freshwater, hypersaline and terrestrial contributions. The dispersal of rare 'seed' taxa from nearby seawater communities contributes substantially to the structure of assemblages within the inland system, due to the movement of water from the coast into the ponds. Many of the ponds also harbour previously unknown biological diversity, suggestive of the unique hydrology of this system. As has been demonstrated in many other studies, spatial and environmental factors play a small but important role in shaping local assemblages, with seasonal changes in rainfall and separate hydrological connections possibly contributing to the role these factors have in shaping community structure. At a local scale, however, factors within each pond shape the aquatic microbial communities of the Lake MacLeod system where each pond assemblage seems to be on its own evolutionary trajectory. This is the first study demonstrating the significant contribution of dispersal via hydrological connectivity of microbial taxa from seawater to an inland coastal aquatic system, and highlights the importance of considering the regional setting when seeking to understand factors that shape local microbial community structure.
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